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. IHTRODUCTION

i
by

Since the firet station set up in France {1968), with vhich only visual tra-

"

cking was aschievable, we felt that we must waintain that poasibilicy.

The %éxﬁ rTesgong were

a} To decresse the need of sccurate ephemerides when satellites arve vi-
sible,

b} Te make visual checking and eventus :1ly to corrvect the ephemeridis
(AH or A7)

d) To edjust the zeros of the AzimutheAltitude encodars

e) To ensure the safety around the laser beam path

fe the developuments of the stations do not allew dirsct visual recking, &
guiding telescope coupled with & sensitive T9 camers and g remote monitor

waz chosen,

in addition to the preceding rezeons, it was found that the sensitivity

wae incresssd, and slso the tracking comfort
I¥. GUIDING TELESCOPES

Ii.1, ?i?ﬁt gengration

& . Zﬁﬂ dismeter refractor, Im focal le agth iz coupled with & HOCTICOW
tube ¥ cemera, The diatance between the opticel axes of the guiding teleg-

Ceope dnt the Yeeeiver ie L60H. ThHe Tericle ie etehed dires %}?-cﬁftﬁ¥7ﬁeﬁiiﬁ?

serean,




An optical relay gives foenl lengthe of 2m
optical exes of the guiding telescope

Five rempte controls are located beneath the monitor screen. They are |

a) & luminous projected recicle in

From dim during night operation te bright on day time.

b} Variable optical attenuators with

a4 revo attenuation mavk {hole in the

attenuator disks). They are used for day time

bration test and they protect the ghotoo

athode,

¢) Variabie sensitivity of the TV tube.

d) Focusing of the telescope

g) Choice of the focal lenght (2m or 5m)

11.3, Lunar aystem.

The incoming light in the 1.5m telescope is picked
splicting mirvor. The yeceiving camera 13
ting device which allowe the camera to follow a lunar crater w

“ccpe-ﬁrackﬁwthemxattgrafiegﬁaﬁq_TﬁtﬁﬁmQﬁﬁﬁ???.?i%}”?Q tried : NOCITICON,

Is000, VIDICOH.

sounted on a computer-driven sef-

111, SPRCIFICATIONS

I1T.1. Satellites statioons.

up through

and 5m. The distance hetween: [he

and the receiver is 85om.

which the intensity mey be increased

operation oy for target cali~

Generations jrst 2"
Objective diameter . 20m .20m
Focal length Zm= Sm
viewing angle 30!
gensitivity{magnitude stars 12/13 1V/12

a dichrolc

wittle the teles—




In the seocond generation, two other camerac will be displayed on the same

wmonitor.

a) a wide angle camera viewing the entire mount and telescope gveten,

mainly for =afeiy reasons,

24

b) a ROCTICON sensitive camers to display din cscillograms of return or
laser pulses. 8y this mears, we will be zble, throush a digitizer, to check

oxh

the quality of the laser and study the pulse processing apparatus,

To imorove the manual trackin e blan to introduce added daras on the -
3

wonitor sereen sucn as, mouat pogition, clock time, range, error Messanes. . .,

ITT.2. Lupar ransing gvaten

For satellite tracking rhe tlooming effect of the Nocticon camera is not
very important. Men’s eves aznd brain ere able to detect, with a great ac~
turacy, the center of a neavly cireular spob,

In the case of lunar tracking there are additional problewms,

= On the illuminated moon the light flux is encugh to track with a vidi-
con. The blooming st be eliminated asz it tasks the details.

= near of the terminator, the effect is even move eritical,

= Onctheearth shineg, the contrast 18 very wesk and a sensitive camera
is neceseary. It has to be improved by contrast-processing of the video

gignal,

1t geems that an ISOCON camera, which is blooming~reeistant, could be

a good cheice,
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CFMALMLY LASERS)

S.A. Ramzden
Department of Applied Physics, Urilversity of Hull,
Hull, HUS 7RX UK,

HE LABER TRANSMITTER

used U-switohed ruby lasers

The first satelliite laser ranging systie

giving ~ 1J in a 20-30 nsec pulse with the aim of obtaining & recognisablc

return pulse which was then analyssd to obtain a precision beiter than
of the pulse width itself. Early lunar laser renging systems wers similar
except that they used larger telescopes and operated with singie photo-
electron {or less) detection,

Many of these systems were later modifisd o give shorter Z-Sn=zec

nitlses, by savi dunping or Lzse chﬁl ing ﬂchmxmues, and hence higher

pféciéion, and the éajérity of systems in use st the moment are of this
type producing much valuable information.

It hes long been recognised that gven bet
with mode-locked lasers giving sub-rancsecond pulses, used in conjuncition
with single photo-eleciron counting technigues, but technical difficulties
have delayed their gensral acceptance.

Ruby lasers cen be mode-locked, albeit with zome oifficulty, but
they have low efficiency, need large power supnlies and cannct be usor
at a high repstition rate becausg of cocling problems. For mode-locking
Nt YAG is the preferred materisl, having none of these problems but,
because it emits at 1-0Bu, the output reeds to be converted to the seonnd

harmonic for deteciion purposss.

Nd:YAC lasers can be mods-locked pa sively, using a bleschable dye,
or using an active element such as & acousto-ap

casg the




arder of 1mj and can vary by at leest X 0% . Atmut 90% of the trains

1
are well mode-~locked but the system needs a skilled ope :rator to keep it
working satisfactorily
Until recently active mode-locking was used only with c,w. systems,

producing a continucus train of hig

m]

1y reproducible pulses, The energy

in each pulse was very low (of the order of W~ 1nJl and a somewhat complex
b Y

regenerative amplifier system had to be used to bring this up to & usable

tevel, leading to relisblility problems,

Now, howsver, an actively mode-locked pulsed system has been developed,

usion systems, which is very reproducib ble end yetl

-t

for use in largs lassr

(..)

nore

contains sufficient ersrgy in each pulse. This uses hoth an acopusto-optic
modulator and an acousto-optic Q-switch, Tha laser is pulsed

i

c.w, way for ssveral miiliseconds during which the loss in the Q-switch Is
.
15

adjua*aj oo that the laser just exceeds thrashold. The modulastor is on
during this pre-lase period sllowing the mode-locking proocsss to reach a
staaﬁy st' 62 uhat when the laser is Q-switched, at the end of the

guasi-o.u. p@rwad g tr&nsfﬁfm limitgd, 5
1

cavity leading to a reproducib

pulse duretion depends on the modulatio

length and varies {rom 50-100psec. The energy in a
v (3,5m7 and the repetition rate 2Up.p.s. The reproducibility is *4% but

because such a good value is not required Iin a lassar ranging system some

ification may be poseibla, The average power is about an order of
magritude lower than the O. 1~ 1.0 required,~iﬂ&the gr@éh, for seteliites
such a@s Starletts and Lapeos and thus amplificatlon will be nesassary. It
is preferahle to increase the energy rather than the repetition rate to

avoid problems of stress birefringence and lensing which coccur at bigh

An alternative, which may be atiractive for moblle systems whe

complexity and cost are 11 imporiant factors, may be te transmit the

E

whole mode-locked burst instead. ardditicnsl dex

but.

ection and

AT

ing . oroblems these are pe

212
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transmission at this wavelength, may make second harmonic conversion

UNNeEcessary .,

Anpther way o energy might be to use a mode-lncked

unstable rescnator configuration for the oscillator. This uses & larser

5

¥
-
]
3]
o

volume of mesterial and can give un rder of magnitude increase {(u
< El Rl {:i

to 10mj1 in the energy in a single mode-locked pulse.
Some of these matters, and others, are discussed further in this

session.
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HIGH ENERGY PICOSECOND PULSES FROM A

Holo Dewhdarst, 0. Jecoby and S.A. Ramsden

Department of

1. Introduction

in tha cperation of conventional mode-loched cscillators, lassr beam

diameters are of the order of a few millimstres at most in order to achieve

diffraction-limited cutputs, At the sams time, in high gain sycotems,

there is a meximum power density which can be generated befors the onget

of self-focusing and subseguent damage. These two limits lesc to s
restriction in the useful energy developsd within such resonators. The

use of an unsteble rescnetor offers the advantare of obtaining diffraction-
i £
(1,123
23

limited outpul from active volumes having larger diemeter .

“Incressed power and smaller hesm divergences can then be obtained.

There are a number of unstable configurations which may be considerod

(Fig. 1} being classified into n- or p- hranch categories. in both casss :
the active volums of the laser is fully exploited. However, in n-branch

resonators the laser cavily is characterised by a focusing point within it
and at the high peak powers developed in mode-loucked oscillators, gan
breakdown or bulk damage in componants can then occur and thus p-branch
unstable resonators are mere suitable for mode-locked unstable laser
oscillators.

It is woerth noting the unusual characteristics of travelling wave

ring resonaltors when used in unstahle configurations; the high magnitude

of the losses leads to irreversibility of the peih of the light rays and

5] X
to the possibility of constructing unidirecticnal ring generators, Fig.
1 shows two types of systes of this king. The first of “ig. 1d,

utilises a ring rescnetor with a mirror configuratian equivalent to

that of Fig. Inb; slacing o in the plane of the real centre
] i

of the wave propa




roperty is achieved by appra ricte positicning of an angular radlation
propg b4

sglector, In hoth cases, introduction of one additional element {aperturs
or selecter) provides simultaneously the unidirecticnal nroperty and
angular selection of radiation.

We have used mode-locked ring resonators in stable configuratiens[
in the past but have experienced diffliculty in maintaining alignment for
mare than a few hours. With a ruby rod, Pozzo et aE{Q) constructed a
mode-locked unstable ring laser using prisms. As expected, large intensity
diecrimination between ths Two opposite propagating waves was obtained, the
intensity ratio being 400:1. The resopator could therefore be sald to be
operating unidirectionally, giving pulse durations of ~ 100ps. However,
since the rescnator configuration was n-branch, with the beam focusing in
the resonator, such a laser is unlikely to be yseful in the generation of
very high powers. Experimental work on two-mirror unstable systems has

(5,81(15,18] (2,8)

heen carried cut using Cazglaser Nejrglass lasers . HF/DF

3
{13,14) {g,10,11 .

lasers ’ and Nd:YAG lasers ' ]. However, in all ceses the

_pulgawigtﬁg_hava”peenwgf Qanosecond duration or longer. Wa have now

oxamined mode-locking in such a system, ganerating pulses on picosscond

timescales from a p-branch resonator.

2o Experimantal Work

Our experimental configuratiocn is shown in Fig. 2. The cavity was
. . : - . {1,12) . . -
designed using the formulations given by Siegman ’ . Mirror radii of
curvatura for the positive confocal cavity are glven by

i
R, = - Sk and R, = T%ng where L is the empty cavity

length, and M is the magnification, equivalent to the ratic of the rod

[y
~
=
i
e
et
t

diameter to ths oubtput mirror diasmeter. The gecmetrical cutput coupling

. 1 \ . . . .
is § = 1 ~ E?a though in practice diffraction offects reduce this coupling
to values slightly less than §. For approximate corresponderce with

conventional cavities, ths sgulvalent Fresnel number is

-periods in the phase changa along the mirror




with least loss have values of NPQ = 1*5, 25, 3»5

-
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where n 1s integer.

As @ general rule, the unstahle resonatop should have the largest
ossible megnification compatible with output counling reguiremsnts., Ong
p g i

of these demands sufficient feedback for stimulated laser action io develop.

Sirce the saturable absorber used for mode-locking, in cur case Kodak 98643,
is a lossy slement, prelimi nary experiments used a mudenb magnitication
of two.

In the firnal stage of the tasign it would he necessary to inclug
effect of thermal Iensing in the rod which hecomes importent for Ne:YAG
lasers ocperating at repetition rates in excess of lpps but to maintain
simplicity and study only the mode-1 ooking capabilities of the laser, we

operated at O+lpps. Our initisl design parameters wers:

"

EH

2, Rl = -Zm, RZ = +4m, § = (075,

L= 1Im, N = 12
£4g

Satisfactory mede-locked trains were abtailned, Fig, 3, using a Luwrlng
energy. of -51J- Peak-outgut'anﬁrgies”o?”ﬁ ij'id'aihg;e'buiééc‘;a;a

recordaed, with good shot-to-shot reproduc

Since It was possibl

g
in higher gains within the Nd:YAG rod,
&

a
to M = 30 with R = =1+3m, resulting in mode-iocked pulses with peak
energies of v 11lml.

Further work is required to improve the spatial structurse of the
pulse, which can be dependent on the pumping geametrj of the‘lagsr”ra;

o
we used a one flashlemp ellipticel = stem for these preliminary resul ts
3

but for homogensous pumping it may be necessary to constru g Tour -
flashlemp system. For the same input gnergy, flashlamn l1ifet:
would then bpe greatly lengthened - an important consideration in

nigh-

repetition-rate laser ranging

3. LGnc‘u 3

ng

e have shown that 4t 1s possinle to extract llmj pelses from a

'maﬁ@~incgadjtwa it ;g;fua' . resonatan,

216
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With similar magnifications others have shown that unstable

resonator Nd:YAS lasers can be operated with diffraction limited beam
{11}

P

. La3 . e
putputs of approximately 0.25mrad . at repetition rates of Zlpps

Combining these characteristics would make the unstable Nd:iYAG laser

an exiremely attractive device for lunar/zatellite ranging.
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NEW DEVELOD
TRANSHITTERS FOR T
AND LUNA

d. Gaignebet
GRGS/CERGA Obs. du Calern
06460 3t Vallier de Thiey -France

Here after is a brief description of the lsst +two laser transmitters
used for the GRGS/CERGA ranging systems.

The satellite lzser has now been operatins Sin
L

-

gained some trazining through unexpected troubl

The TLunsr laser has been delivered in March 1978 and its gimplici
el

S
of design and use seems to be good both from the viewpoint of.
i

W
o

ilivy,
I - SATELLITE SYSTEM

operations and rel

I.10 Introductiion
When designed in 1974 only a ruby system was azble to have the Tollo-—

ned
wing advantages :

!

wavelength 6943 A° where PMT cathodes have an acceptable effi-
ciency

~ Good space and time cohersnce

- Narrow bandwidth

~ Short adjustable Bviqew‘dth% and mode-locked possibilities

- Mean power important for 2 Q-Switched laser

— High peak power to =llow pulse shape processing

- High degree of reliability

Hoped to be transportable and vewsatzle the qystcm is rather

Cheavy and complex and nebds frained. oper ors.-

-

e P o m@;z

iy
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The oscillator cavity consists of a concave mirror M3 immerged
in & dye cell (Dicarbocyanine®)and two Fabry-Perrot etalons F?1

?Pg, The overall assembly i® a 1.5m long cavity designed for

23ns pulse width. A pin hole, placed between the output end of
the 6.35 diamebter 122mm long oscillator rod and the first FP, acis

as a selector for a lﬁﬁﬁo mono-longitudinal mode operation.

By switching the FP etalons it is pessible o mode-Jlock Tthe
oscillator,

Through a pulse slicer P, Pl the width is reduced to Zns, 6&ns, 10ns.
The outgzoing beam goes through a divergent lens L1 to cover the
following rods and is amplified by a preamplifier (6,35x122mm),

a double pass amplifier (12,7x203mm) and, after a collimating lens,
a power amplifier (19,05x197mm).

T.3. Specification
0.2 Hz repetition rate

Energy output Pulsewidth FWHA
123 10ns
B BT
33 &ns
0.% Hz repetition rate
23 10ns
123 ons
43 2na
-3

— 70% of the energy within.20x10 -
80% of the pulses within 2104 energy stability
- 100,000 shots flash tubes lifetime

rad,beam divergence

In the mode-~locked operation the oscillator delivers seven QOOps‘

pulses in 10ns the energy has not yet been tested.

IT. LUNAR BSYSTEM

I7.1. Introduction

COﬂﬁl@beij new . ﬂg&%em,u

qoue mg% T owWas chleved

W BRI e@mcﬁg"fﬁ@

PR O

"""""" gLﬁﬁﬁ - better access to the compoment

are Zéwu oritical than vefore,




In sddition a new »rrang

. R AN T S B N -
rements of the sscillator generates 3ns

2l mode,

ﬁOO mone-—-longitud

1T.2. Hardwzre

The ruby lsser system shown in fig.2 is built in an oscillator—

double preamplifier— zmplifier configuration.

el

The oscillator cavity consiste of a2 concave mirror Ej immersed  in

a dye cell {3icaﬁboegaﬂiﬁe%581ikova, Hamal ) and the combinzation
of the output face of the rod with a lem Fsbry—-Perrot etzlon.

The overzll zssemb

c__ﬁi

is close coupled on each side of the 6 , 35mm
t

oly a
diameter 132Zmm long ruby rod to shor tie cavity ag much as pPoOE~

@
o
é

eible. The mode selection is & pinhol en the mirror m1 and

the frontface of the ruby.

The outgoing pulse is collimated by two concave mirrors I and trz-

3

vels twice through the preamplifier beqa.dz@ 52x152mm). A 10 escope
L?L? expands the beam to cover the 14, 3mm~dianeter, 204n-long nower
amplifier rod.

11,3, Specifications

The tested and guazranteed specifications are

43 3ns pulses
0,3 Hz repetition rate

e -3
70% of the energy within 10 °rad bean divergence
80% of the pulses within ¥54 energy stability
100,000 shots f£lash tubes lifetine
IT.4 Conclusion

It seens poseible Lo enhance the energy output,=zs some shots
delivered €] without damage.

The development of the Dicarbocyznine-~Metharol dye{delikova U

opens the possibility of passive (Q-swi Tehing with a very high
degree of reliability a it seems almost wnaffected by temperaturs i
(200¢ L 10°C) znd time (3 months tests i

-
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COMPACT SATELLITE RANGINC LASER SUBSYSTEM

K.Hamal ,H.Jelinkova

Faculty of Nuclear Science and Physical Engineering
Brehova 7,Prague 1,Czechoslovakia

The accuracy of 10 cm is expected from the second genera-
tion of the satellite laser radar |1l].Except the satellite
retrocarray and atmospheric transmission there exist also error
sources in the laser radar itself,mainly due to finite length of
the laser pulse and the ditter of the electronics including the
time base.From the point of view of the pulse length, to obtain
the required 10 ¢m noise level, there are in principle two solu-~
tions,either using a nanosecond pulse laser together with a2 cen-

troid detection technique or using a subnanosecond laser.Subna-

-nosecond pulses-of the reguired peak and avarage power wWere ohtai-

ned from the sophisticated YAG oscillator-amplifier system |21
installed at the Coudd focus.However, there are still certain ad-
vantages of the simple altitude-—azimuth mount with movable laser
transmitter.The altitude-~azimuth mount gives strong limitaticns
on the size of the laser subsvstem.To obtain satisfactory retro-
signal from Lageos, the laser transmitter should deliver about one
Joule in 5 nse¢ in multinmode regime.The requirements can be Fulfil-
led with the oscillator-amplifier system.The cylindrical arrange-
ment pumping cavity creates inhomogenities which can lead to ldSD“
rod distortion.The rotational OIELPSOld gives a better znvexbmor
distribution 13],14|,on the other hand,it reguires more space.

We would like to report on the arrangement,where two rubies
and two flashlamps are placed symmetrically inside one rotational
ellipsold according to its axis (Fig.1) .This arrangement exploits

the aé rantages of the rotational pumm;ng s;mm@try and

'”1”"'”5"f?ir'{ﬂ3ciq §;<;U1 damp.

it

To obtain 4 n@cc mpisegg

JQ.WQr@ uqz ”.PTH techniguse with A/4




voltage.The Pockels cell is driven by two alr spark gaps;the first

is electrically triggered,the second cocaxlal optically triggered
5| ,both of them at atmospheric pressure.?o obtain a short rise-
time,a new technigue was applied [6!.The risetime is less than
0.8 nsec.To obtain a short fall time,the Pockels cell was care-
fully terminated.It was found that even a little mismatch causes
remarcable fall time lengthening and distortions.To avoid postla-
sing resulting from pilezoelectric retardation, two different vol=-
tages are applied on Pockels cell.The polarizer P2 in Fig.l 1s
used to reflect the pulse to the amplifier and to decrease the
backeround as well.To obtain acceptable reliability usually re-
guired for ranging at remote observatories, the oscillator is kept
at medium values.The output of the oscillator is between 0.2-0.3
Joule.The amplifier gain is about three.Both flashlamps are kept

at the same pumping voltage to simplify the power supply.
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Sufficiently completle congideration of the main charac-

terinticas of the telescoplic smplifier is rwased on an unstable
cavity theory /8/. In view of & relatively low ruby amplifli-

cation fTactor one can confine himsell to & gepmetrical appro-

ach, neglecting the problems of stability of the amplifier.
lescoplic system /6/,

A simple calculation for two-mirror tel

length 240 mm, gives R1=3 200 mmy Rgzr 250mm,
curveture radiuve of = big mirror, and Rp, is
g curveture radiusg of a small mirror. Dismeters of a small

g mirrer for three-pass amplifier
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are = 0,30, f6f, where D, ig the diameter of the big mirror

Typerinental Resulis

The ielesco;ic smplifier hag bsen investigated for sche-

matie diegrom pregented in Fig. 1. Neflecting prismg were used
and & telescopic configuration of beam path was

Tens with a focal length o M.
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Figure Captions

Fige Te Sehematic disgrams of the ftelescopic amplifiers.




CGUARTUM LIMITED 4 NESEC LASEE HANGING RCCURACY
K.Hamal, roova
Faculty of Nuclear Ecience anc FPhyvsical Frngineering
Brehcova 7, Fraague 1, Czocheslovakia
The ¢ nsec trapezoidal andg gausgian laser pulses

of different power level were compared from
view of laser
correction”
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Whenever the sigral level decreases five times
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LASER FOR SATELLITE RANGING

AT QUANTEL

Georges G, BRET

QUANTEL  AvERUE DE L'ATLANTIQUE 91400 QREAY FRANCE

Today's satellice tracking and ranging laser systems are
concerned with two types of catellites :

Geodesic satellites of small size including retroreflec—

ting mirrors that allow for high precision low lsss tracking, in
the ultimate precision range of 1 to 5 cm when a good atmospheric

model is available.

Other satellites of 1arger size allOTing only for high
losses, low precision ravgzr (100 ca).

Ceodesic satellites ranging systems can make full uwse of

mode lock lasers. Such lasers tacking adventage of the prelass tech-
nic zre under development at QUANTEL and ave described in pavagraph 2

However they are still expensive instruments devoted to wvery specific
experiments and wost weasurcments can be made with pulses a few nano-
seconds long,

A pow Q-switch system is now availabie from QUANTEL that

+

can covey in a simple ruggedized unit all tracking needs for both

e

types of satellites since it's pulse duration cam be as short as

2.5 to 3 ns.

1/ A w&m ie O-switch laszer for zatellite ranging

Let's consider a laser ewmltting a single veproducible pul-

se of full width half mexinum duration T

In the case of hich los 3 tracking at low

'31 Togr for'”’ ""}”Agng}n precision with no shape




When used on geodisic satellites the collected energy

from the same pulse is arcund §04 to 305 photons and an increase
in ranging precision on a factor 10 is possible using threshold
and shape analvsis methods.

1f a final precision of 5 cm is needed a pulse of dura-
tion T = 3 ns is sufficient. Our present laser emits such pulses
with the following characteristics :

~ FWiltt pulse duration < 3 ns

- Diffraction limited beam

- A single amplifier stage for 1

- Qutput energy at 1,06 1 300 md

~ Qutpui energy at 0.53 Y 100 mJ

~ Repetition rate 1 to 10 Hz.

4

fligher energy can be obtained with a gecond amplifier.

~The short pu]@@ 15 p}OQHCCG d]TG Léy by a short ]cnth
laser cavity that includes a high gain gnart YﬂG rod. o

In order to keep & high beam qual
works on a TEMoo mode and uses the Pelarex
(1). It's general crganization is given on figure 1.

Figures 2 and 3 show the laser bench with the different
components in the case of one and [wo auplifier stages.

Pulses shapes are given on figure 4.
@ grvel L TRBUTE

2/ A stable mode lock laserx

High energy mode lock laser system ave usually very pren~
sive (regenevative amplifier systems) or vather unstable (passively

mode lock lasers).

There use in laser ranging is therefore limited and cumber-

SOome .

We have experimented at QUARTEL an actively mode Jock laser

{ﬁcoqua Gpalc F”

iuiatoz}nﬁmﬂzitched by”a Eackeia.Cﬁll

_driven by



It is possible to run this laser in a quasi continuous

fashion since the current in the flash iamp is precisely contro-
lable and to have a long period to develop @ stable mode lock
‘hehaviour (2},

When the laser is then Q-switched with the Pockels
cell a stable pulse arvises (Figure5 ).

In an other configuration giving similar results a
standard pulsed power supply was used and a controle loop was
driving the BG voltage on the Peckels cell in order to keep the
output power of the laser constant around 10 W,

e

The same prelase operation was observed with the same
type of pulse srtability. Figure 6 shows the cutput pulse of the
laser when it is not Q-switched.

This laser is followed by a fast pulse selector working
~at high repetition rate and by two stages of wnpli

Cutput energy for 0.3 ns pulse cau be 1060 mJ ar 1,06 i

and 50 mJ at 0.53 1 at a 10 Hz repetition rate.
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The second harmonic generation crystal is in its

at the far left of the hench, ;
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(A)

(8)

pulse Q=gswitch lager. o ' ' B ;




FIGURE 5

¥Mode lock pulses obtained with the prelase technic.

LA gt

Ty

FICURE 6

output of a lager in the prelase mode when the (Q-switch

{a Pockels cell) is not opened.




200 PICOSECOND LASER DEVELOPMENT - A STATUS REPORT

T.5. Jehnsen, 1.J. Degnan and T.E. McGunigal
Goddard Space Flight Center
Code 723
Greenbelt, MD 20771

An important long term goal of the laser ranging R&D program at Goddard
has been the achievement of 2 cm overall ranging system accuracy. In order to
achieve this goal it has been our consistent belief that the pulsewidth of the laser
transmitter must be reduced by approeximately an order of magnitude below the 3-5
nanosecond pulsewidth which can be achieved using Q-switched or cavity durmnp
techniques. To this end; we sponsored the development beginning in the early 1970
of a high energy frequency doubled Nd:Y AG laser with a cw modelocked oscillator at
GTE Sylvania. This laser was intended solely for ground based applications. We
have now had an opportunity to gainy operational experience with this laser and to
make certain Improvements in its design.  Reginning in 1975, we sponsored the
development of a {lash pumped modelocked laser transmitter at International Laser
Systemus.  The goal of this development was to develop a laser with a configuration
that would permit operation in a spacecraft environment. Obviously, if the laser can
be made to operate properly it can be used in ground based systems,

The operational characteristics, performance and status of these develop-

ments is the subject of this paper,
THE CW BODELOCKED OSCILLATOR APPROACH

The high energy, short pulse, N&YAG laser systern manufactured by GTE
Sylvania, consists of a cw modelocked oscillator, a regenerative amplifier, three
single pass amplifiers, and a type Il KO*P second harmonic generator,  The laser
system s capable of operating at 5 pulses per second emiiting a nominal 750

milljoules of energy at .53 micrometers  with & pulse width of less than 200

pleoseconds fullwidth Balf max. “(?:%;féhiﬁ% o




of a short pulse of halfwave voltage in syncronization with the modelocked ouiput of

the cw osciliator. This single seed pulse is directed into the regenerative amnpliiier
by calcite polarizers and passes through the regenerative amplifier "Q" switch
pockels cell. The "Q" switch pockels cell is biased at the quarterwave voltage and
the seed pulse after reflection from the regenerative amplifier cavity end mirror
passes back through the "Q" switch pockels cell. The quarterwave voltage on the
"Q" switch pockels cell is then reduced to O preventing any additonal pulses from
the cw oscillator from entering the regenerative amplifier and allows the
regenerative amplifier circulating energy 1o remain in the cavity. The initial seed
pulse reflects back and forth between the regenerative amplifier cavity end mirrors
and is amplified each time it passes ‘th;‘cz;g%‘s the regenerative amplifier rod. After
several round trip passes iw«p‘ ly 10-30) through the amplifier rod the circulating
energy reaches a maximum value and the cavity dump nockels cell is operated. This
rotates the polarization of the circulating energy by a halfwave and the energy is

t

coupled out of the regencrative amplifier and through the isolator pockels cell fo the

three single pass amplifiers. The original seed pulse from the cw osciliator is
rroa e -9 3 . .
amplified from €x10° "Joules to about 1077 Joules by the regenerative amplifier.

The three single pass ampliffers am};iny thfz one mﬂi joule regen r‘*“ative amnplifier

a

output o t?‘% > EGU railtijiouls level, The ouiput “of the final L,%"V)hf”"i’ is ey’wam‘au aad

doublad by the :'ypf:  KD#P second harmonic srator with a norninal 50%

conversion efficiency.
The successful operation of this laser system depends on several factors.
Princinle among these factors are the maintenance of proper alignment or opto-

mechanical stability, the p?'a:f:ise and stable control of the optical radiation and

switching and the maintenance of good beam homogeneity throughout the systerm.
Except for the question of damage to the various optical components, irntroduced by

bearn inhomegeneities, optical instability, dirt or operation at unusually high power

levels, the control of the optical radiation ah;mg}w it the laser effecis it_s_

pericrmance for the ranging application as much as any other single factor. In fact,
proper control of the radiation through stable reliable operation of the drive voltage
to the electro optic switches will tend to prevent the destructive effects of changes
in alignment and the beamn Inhomogeneities introduced by these changes. As
manufactured, the & Kilovolt pulses for the pockels cells were generated by krytron

onds in duration

’Z'E“W cvoltage ‘tz;z;ﬂ‘z"mm were typ;miiy w«ﬁ 6

f i §w3 nanosecond




energy, Furthermore, the timing between the 0" switeh and cavit dumngp
E)) ? ¢ };

transitions was fixed by an adjustable delay synchronized to the cw oscillator optical
output. Any variations in the Gain of the regenerative amplifier from misalignment
or pump energy fluctuations would cause the b ildup of the circulating seed pulse to
occur at different times with respect to the fixed cavity dump timing. In order to
stabllize this buildup time, the regnerative amplifier was usu ally pumped at a vo ry
high level which would give an output pulse with energy close to or exceeding the
damage threshold of some of the optical components,

Two modifications have been implemented in one of the laser systems to
achieve stable and reliable control of the clectro-optical switching, The original
pockels cell driver boards were placed with EG&G (Ortec) HVI00/N Bigh voltage
pulsers. These pulsers supply the pockels cells with the correct volt tages with a
risetime of less than L5 nanoseconds and a jitter with respect to the ir put trigger

3

pulse of less than L5 nanoseconds over leng periods of time. The cavity dump driver
chang@d from the original fixed thming synchronized to the cw mode

trigger was
locked cutput to a i gEer generated by a radiation detoctor sens ing the buildup in

the regencrative amplifier itself.  This radiation detector Was f b*;c

—avalanche mode  transistar With the top of the can cut off and the junction
Hluminated by leakage radiation from one end of the regencratis
Control of the cavity durnp pockels cell driver is hetter than |

dumping always ocowrs at a glven energy level within the regenerative

i

cavity. This allows operation of the regenerative amplificr at a level low enough 1o

preclude the development of any pulse enargetic enough to damage any optica

i
components.  Furthermore, triggerin«g on the ener gy buildup itself compensates for

reinor misalignment changes in the rege nerative amplifier which normally manifests

jtself as & major change in bii'ée:%r;zp time rather than a large reduction in buildup

energy.
ang rs_éqazé a high SRETgy, short pulse laser can be satisfied
under certaln limitations with this laser systern if the modifications as deseribed are

£

- e S N B P . .  pe gy
tade. However, this laser system does fequire frequent alignment

utput energy.
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systemn capable of ranging from the Space Shuttie to ground-based retroretlectors

ith a single shot accuracy of two centimeters. Present ruggedized lasers are Q-
switched oscillators having pulsewidths ol 10 nanoseconds or mare which, with
realizable receivers, are not capable of such precise ranging. Flashlamp-pumping
the oscillator reduces the system prime power requirements to about Z00 watts
compared to over 3000 watts for ground-based systems which use CW-pumped,
mode-locked, oscillators to generaie & subnanosecond seed pulse for the laser
amplifier chain.

The ILS systemn uses an RF-driven, electro-optic KD*P modelocker in
smbination with a dielectric thin film polarizer to provide a sinuseidal modulation
of the cavity loss during the pre-lase period. During this period, which lasts for

sevaral microseconds, the laser oscillates at a very low level just above threshold
while the modelocker gradually reduces the temporal width of the circulating pulse
to its steady state value of approximately 200 picoseconds. A voltage-programm-
able KD*P Q-switch and a second déeiecﬁ;s‘ic polarizer provides a variable loss for
three separate cavity conditions: (1) the pre-lase condition {roderate voltage)

during which the modelocker acts on the circulating low-level radiation to produce a

~gubanosecond pulsewidihy- (21 the Q-switched -cendition {zero.voltage) during w hich. .

the subnenosccond pulse bullds up ropldly In energy; and (3} the cavity-pump

condition (ouarter wave voltage) in which the circulating pulse 15 ejected from ihe
cavity. The pulse is then amplified in a double-pass arnplifier end frequency-doubled

na Type U KD#P Crysmik The use of a double-sided convex-concave mirror and the
crossed TIR prism resonator enhances the mechanical alignment stability while

providing a Jong resonator length for the oscillator within a compact volume. The

(&
long resonater length relaxes the switching time requirements for the cavity dump
eperation and provides lavge spot size within the resonator which in turn improves

the mode volume and energy extraction efficiency within the N&YAG rod and raises
the energy threshold at which optical damge Will occur. In addition to proviging &
subnanosecond pulsewidth, the prelase period also allows the TEM iap ©F gaussian
spatial mode to become dominant.

The breadhoard consists of four separate unitss (1) the transmitter unity (2)

the modalocker driver unity (3] the power supply unity and (4) the cocling unit.

Expﬁfis'ﬂemg io date have vemm d the gp'}r—ret-an of a single mbnauees,cmd
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FIGURE OF MERIT OF A LASER FOR RADAR APPLICATIONS

cal Ingineering

Paculty of Nuclear 5o ic
Ty ovakia

hBrehova 7,

The applications reguirements on lasers can be expressed
by a fiqure of merit.Born and Wolf /1/ separate the brightness
and a time bandwidth product of a light source.We examine /2/
some pulse laser applications and demonstrate the ratio of the
brichtness and the spectral width defined as the spectral
brightrness can be used as a figure of merit for a laser source
in most applications including a laser radar.

The radar scheme has a transmitter,target and receiver,

The received energy S is determined by the radar eguation /3/.

I

assuming the transmitter terms only
1
o G —jw?; —'"f}'" - {1)
R @T
Here E 1s the transmitted energy,aly is the target distance

5 b )
iR

and @,, is the beam divergence due to the transmitter.The factor
E/@h is controll

ed by the transmitter.The transmi

O

vergence G refers to a laser Hﬂdm collimated by a telescope
eo

and can bm prr

@ T e, S}; . ( 2 )

wheze'DI ig the diameter of the inpult laser beamFDT ig the dia=
A4
mater of the telescops cutput beam and @L is the laser beam di-

vergence.Combining (1), {2} we obtain

lager and At the

”%w Jui&it@f wi ﬁ_

Cand time gate

rresponds. to the condifions

P N R [ R S,
width of a laser radia-




tion.Then

B

N
SNR 0 = . (5)
Thus the spectral brightness is the figure of merit of a laser

for radar applications.
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TEEE . Quantum Eleciron, ,vol.QFE~14,June 1978,

3. L.D.Smulin and G.F.Fiocco,"Proiect Luna See' [ FProo, IRE,vol.50,
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During the two previous workshops, the problems of laser safety have
been talked about and scme major ideas or actions were developped

- we are responsible by our vocabulary (fire the laser, shot, target)
for maintaining the reactions of authorities to the laser ranging sys-
tems which are different from those for military applications.

- the standards in most of the countries are either not yet defined or
under consideration.

- besides injuries that concerned people at the laser station which
still keep, in most cases, the character of laboratory, aircraft sa-
fety is a probiem as far as concerns us.

cokt o the workshop hold i

dily available by sending d

SAD. He would disiribute co

be looked at as far as its

ven if necessary or wished.

uments or biographies to Or. M. Pearlman from

e L T R

cume;
ies to requesting individuals. This action wil
esult 1is concerned and further developmenis g

1, Evaluation and control of Laser hazards

In U.S.A.  since 2 years a national standard 1ist is used. It was defi-
ned by the Bureau of Radiations Health.

In other countries, it seems that utilisation conditions are under in-
vestigation (R.F.A., Australia) or not existing (France excest for medical
use of laser}.

A NATO Standardisation Agreement (STANAG 3606) has been written. The
issue should be finalised in the near future.

chnical Commis
t that definsd

-~

has a technical Committee {N° 76) on Laser equip
and publishes security levels for the parametars,

On the other hand, the International Electrote
men
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2. Parameters in lLaser hazard avaluation

These parameters are

- the wavelength,

- the pulse duration,

- the pulse energy,

- the natural heam divergence,

- the emergent beam diameter,

- the pulse repetition frequency.

Laser are grouped in four classes which correspond to output of these
parameters. Then a Nominal Ocular Hazard Distance (N.C.H.D.)} can be computed.

It corresponds to the distance where safely for the eyes or skin is respec-
ted with respect to the appropriate Protection Standard.

However, factors are affecting this distance, such as atmospheric ef-
fects, magnifying cptical instruments, raflection hazards, beam pointing ac~
curacy, pulse repetition frequency.

A1l these parameters are important in order to choose the appropriate
attertating glasses to wear.

o
3
~
3 e
o

PULSE REPETITION FREQUENCY (™)

 For example, it is specified that with repetitively pulsed lasers, it

‘*?g~apprgﬁwiaté'tﬁfﬁéﬁﬂﬁ%*%ﬁ?'ﬁﬁaﬁéﬁ?é“v&1u@5vfer:max%m%m.Qarmisaible_ex?éé&gfﬂu“
~res.of individua]

using th

pulses,. e correction factor Cp .




Several devices are used by the groups for airc raft safety. It can goes
from a permanent watching by radar for exanmple to simplier systems which o-
perate almost automatically by stopping laser aM1v10n when a plare is coming
too closely to the laser beam. Such systems should ba developpad because
they require less personnal contribution when operating the staticns.

The device used at tion is operating since the last work-
b ~A
i

shop and reliability wi

The autorities might become more conservative as they already were af-
ter reading the paper on "Laser Satellite ﬁ@ng?;g as & Hazard to Overflying
Adrcraft” pmv%wsned by G.J. Pert in Optics and Laser Techne}ogy ~ April 78 -,
As it is often t ,H¢ case, the reader looks through the abstract only and he
will find that “application of the formula to a typical case shows that one
such incident (causing eve damage to an occupant of the aircraft) wight oc-
cur every year.

CONCLUSIONS

The issue of the work initiated by Dr. #. Pearlman should be a kind of
"booklet" where parameters and cautions aou‘d be summarized in tabla easily
readable as scon as the internaticnal commun j v1?1 have as abi&%h Lheir
_propositions which are now. studied. S— - e

Morecover an easy system for detec ng aircrafts should be installed 1
stations which are mobile or semi- mooﬁ1e in order to facilitate their er*
tallation in 2 new site.
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-is restricted to specific, predictable hours. For each operatinag shifi, the air-

. end scheduled.  Visual spotiers.are.used at all three sites. -

LASER SAFETY AT SAD STATIONHS

J. M. Thorp and M. B. Pearlmen

14 i

Smithsonian Astrophysical Observatory
Camhridge, MA

Several safety measures have heen taken at the Smithsonian Astrophysical
Observatory laser stations. Warning signs have been installed at all exposad acoess-
ible places. In addition, red ares lichts at exvosed locations flash when fhe
capacitors are charged and lasing is possible. A1l electronics for the laser trans-
mitter and charging are enclosed and shielded; all chassis have safety interiocks
A STOP button to discharge the system is lecated on the laser transmitter head, with
a second one near the operator. A discharge hook built into each svstem allows.
manual discharge to a2 ground rod in case of an emergency. tach ohserver has an ove

examinatien once a year to evaluate any change in the retinal appearance. PRecords

are kept at each site and passed on to new sites when an observer is fransferred
To date, no tests have shown any eve damage.

Aircraft safety procedures vary from site to site, de pending on trafiic density
and scheduling. Orroral Valley is near a highly traveled air cerridor, but traffic

traffic controllers for the region are given a laser pass schedule that includes

the time of day and the sectors of the sky. Sector plot informaticn, in eight
sectors with high and Tow subsectors, is produced routinely by the station's pre-
diction software. A direct telephone Vine belween the site and the controtlers

is used to warn the staticen of airplane-sector conflicts. The sites at Mt. Hookins,
Arizonz, and Arequipa, Peru, are located in mountainous areas, over which air

is light. Commevrical flights above these sites are closelv scheduled., AL Mt
private flights are usually below the minimum elevation of the > dasary in Arvenuins,

they are essentially nomexistent. In Natal, Brazil, air traffic is also very

When-ohservers dre i

wte

be?&q the harize, is pr%a"'
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LASER SAF:

AT THE KCOTWIJK OBSERVATORY

H.Visser, Institute of Applied Physics, Delft (The ¥etherlands)

i

L

F.W.Zeeran, Delft University of Technology, Delft

INTRODUCTION

Apart Ifrom legally dictated safety measures (warning signs, goggles, optical
and electrical shielding, efc.) there are three ares”s of special importance
for a laser tracking station:

&. the control system and lay-out of the installation

b. calibration measurements to ground targets

¢. overflying aircraft

In this paper the solutions for problem area’s b. and ¢, at the Kootwijk

Ccbservatory will be described.

CALIBRATION MEASUREMENTS

For Lhis activity we have two arrangements avalilable:

e

1) Ranging to = Pixed target ot 1 km distance.

Instead of the common practice o fire with ful

[

. power to a diffuse reflec-
tive target, we atienuate the beam directly at the laser to & level in

3
agreement with the safety standards. This ﬁmn!;ea the use of a retroreflece

tive target in order to get returrs of the desired signal level. We use

2 . . . .
T m™ of plastic reflectors {as used for traffic signs). The properties of

the reflected light, as seen by the receiver, are similar to diffuse re-

flection because of the bad guality and the amount of retroreflectors, i

This retroreflective target is also very useful for aligrnment of the trans-
mitting optics Lo the rece: iving optice with a Hele lasze er, zspecislly ab

daytime.

Using this set-up there is no danger for operating versonnel or peopls out-

side the station when ivrznﬂ 1n horizontal diregﬁicna,_ R ”}ijj““
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the axis of the incident beam. If the polarization of this beam is in the

/3

o - § ;I:
S -
absorber ND filters 7

Y

A L
) N
NN RN 7 o RS RN =S ]
figure 13

The major part of the incident energy ig dumped into the cone shaped absor-
ber. The energy left over 2 internal reflections is used for the measure-
ments {after extra attenuation with normal ND filters). The attenuation of

this vlane parallel plate of glass can be adiusted by turning it around
P ¥ I dJ J

plane of the drawing,as hdteated the atterustion Hes & maxlmum value s
. o) . . .
When the complete aiienuato structure iz turned 900 arvound its AXiS the

transmittance {for vertically polarized 1ight} increases to & maximum of

jaed

a few percent.

2) Ranging via an internsl light path.

For roubtine calibration of the ranging system the light from the total
cross-section of the attenusted outgoing beanm is reflected via a secondary
1ight path and an extra optical step attenvator directly to the photo-

multiplier.

ATRORAFT BAFETY
Althoughthe totsl risk for an sirline passenger will not be significantly

increased by the operation of a laser ranging system at Kootwi jk (conclu-

robeotive  Elass




to have & maximum visibility of the red running lights and anti-collision
lights.

~- & passive optical airplane detector

e
o
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,.g /
iris & ob;emw rotating field f!iter
diafragm pinhole lang

figure 2

For daytime and nighttime operation two different detection techniques &

o
H
@

used:

Daytime Detection

The instrument measures the contrast of an airplane 2, or any other object)
against the uniform background of the blue sky. A small off-sxis Tield of

view scans continuously around the axis of the transmitted laser bean {(Fig.3a).
The field of view is smaller than the apparent size of an airplane, there-

fore & good on -~ off ratioc is chtained,

r= 36 mrad

s

r=16rarad

ring width: 0.6 mrad

i

fig. 3a fig. 3b

When the AC signsl from the photonultiplier exceeds a fixed &i scrimination

=3 ?ar 5 seconds. This

‘levpl the fvrzﬁg of the ]asef is. ”ptcrru

Ctime Tor any ai
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peen adjusted in such a way that no airplane can enber the danger area

undetected.

Recause the contrast over greatb distances through ihe atmosphere is best
in the red part of the visible spectrum, & blue absorbtion Filter {Schott
type GG 475) has been placed near the fie1d lens. A RCA B8S2 photomulti~

plier has been chosen as detector pecause of its good red and near-infra-

T T L Tl i)

red sensitivity.
The average light level is reduced to &n acceptable level by means of the

iris diafragm in front of the chjective,

Nighttime Detection

During the night when oniy the running lights and anti-collision lights

of the airplanes are visible, the field of view of the daybime system is

inadequate.

Tnatead a static patitern of concentric transparent rings is placed in the

S

focal planc of the objective (fig. 3b.). When an airplane light passes a
ring the AC coupled photomultiplier will produce an electriecal pulse that
will inhibit laser firing for 5 seconds.

Messurements of the brightness of airplane running tights on the ground

and comperisons of running lights ggainet sters have shown that the grest

. . - Q - . . .
majority of airplanes above 30" elevation can be seen wilh a visusl magni-

sy

L

tude bebtween +h and

The main problem of this detection system ig to avoid false triggerings

il s

from stars. To reduce the chance of false slarm to a level of about 14

the following three provisions have been made:

- the effective area of the field of view has been reduced to 1 degree

square by using Verj'ﬁiffow rings *

-~ the photodetector is sensitive mainly in the red part of the spectrum
(ss for daytime getection) in order to favour the incandescent lamps of
the running lights sbove stars - ' '

- the detector is effective only one second before firing when the mount

has slready been positicned.
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THE USE OF THE AIR TRAFFIC CONTROL RADAR BEACON
SYSTEM (ATCRES) FOR LASER GROUND STATION RANGE SAFETY

Thomas E. McGunigal and Janis Bebris
Goddard Space Flight Center
Code 723
Creenbelt, MD 20771

INTRODUCTION

A continuing concern in the operation of high energy laser ranging systems is the
avoidance of accidental illumination of overflying aircraft by the laser. The
generally accepted standard for maximum permissible exposure In the visible and
near visible regions of’ the spectrum widely used by pulsed laser ranging systems
is 5X10° -7 Joules{cm (Ref. 1) The wr‘admnce from most laser systems currently
in use exceeds this level by a substantial mar gin and because of the use of highly
collimated beams, the danger zone may extend for many miles. The use of a
safety observer is a substantial help at very close ranges but even the optically
aided humnzan eye cannot reliably spot aircraft under hazy conditions at distances
corresponding to the danger zone. Radar systems can be quite useful but large
and expensive systems are necessary if ranges out to 30Km are reguired. The
system suggested here is one that takes advantage of the fact that all aircraft
ﬂymg in controlled asrospace (L.e. over 3800 m in ahtitude or under instrument
tlight rules) must carry a transponder, The transponder can be jnterrogated with
a relatively simple ground system compared to a radar. The two main elements
of this ground system are a phased array antenna with eight elements and a
irtervogator/amplifier system. The systemn uses a sidelobe suppression system
which produces an effective beam widih of iGO in azimuth and approximately :'22(}
(Half Power) in elevation, When it is boresighted with the laser ranging system’s

telescope, it can easily detect the presence of transponder eqsippad aircraft

nearm&, the lager beamn

' S“’E{Bp"mﬂ & thE ijgfﬁm aircraft whi
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DETAILED SYSTEM DESCRIPTION

Since the late 1950%, the ATCRBS has become the primary means of
air traffic surveillance, with the radars to which it was added assuming a backup
role.

The ATCRES consists of airborne transponders, a ground interrogator-
receiver processing eguipment, and an antenna system. The antenna may or
may not be associated with, or slaved to, a primary surveillance radar. In
operation, an interrogation pulse group is transiitted from the interrogator-
transrnitter unit via an antenna system triggers each airborne transponder loca-
ted in the direction of the main beam, causing a multiple pulse reply group to be
transmitted from each transponder. These replies are received by the ground
receiver and, after processing are displayed to the controller.

The ATCRES has a number of interrogation modes to accommodate its
various uses., EAch interrogation consists of a paér of 0.8 s pulses {P},P3) trans-
mitted on 1030 MHz carrier. An additional pulse, the PZ pulse, is transmitted 2
s after the initial (P1) ,)ui from interrogators equipped with sidelobe
- SUppress

The mode is designated by the Pi-P3 interpulse spacing. Modes | and
2 are used only by military interrogators. Mode 3/A Is the basic air trafiic
control (ATCY identity mode, common to both civil and military syste

The transponder reply consists of a sequence of up to 15 pulses on the
1090 MHz carrier, each of nominal duration 0.45 s and with an interpulse period
a multisle of 1,45 s. Fach reply includes the two bracket or framing
pulses F1 and F2, spaced by 20.3 s, Thirteen uniformly spaced pulse positions
are defined between the bracket pulses.

The Federal Avalation E{eguid“{mn, General Opereting and Flight Rules
requife that after Juiy I, 1975, all aircraft in controlled airspace above 3810
meters must be equipped with an operable coded radar beacen transponder having
a Moded/A 409%6 code capability.

I A Simple Interrogator Ground Statiom

For the purpose of laser ground station range salety we will use a

narcow beum inter*“agator antenna boresighted wl‘ih and Qiaved to the laser

pae
o




If a transponder equipped aircraft, either civil or military, flew into

the microwave antenna pattern, its presence would be detected and lazer firing

would cease until the aircraft was clear. The mevimum range of Interest for this

appiication is 50 kilometers although the system is effective at s up to 200
kilometers.
2. S-ubsystem fﬁescriptia;z

The A PR - 76A interrogator set consists of the following subsystems:

1. Intermga‘tsr Set Centrol
2. Receiver - Transmitter
3. Switch - Amplifier

4. Synchronizer

A, Interrosator Set Controls, Fach AN/APX - 76A interrogator set

controls contains five thumbwhee! switches to select the desired in ierrogation
mode or standby and the desired code, A momentary two-position toggle switch
(TES’E’/’?Z’ZHE%L CC) permits loop testing the interrogator set or providing a correct

code challenge,

B. Receiver - Transmitter.  The as ssembly consists Of: a receiver module, &

pressurized fransmitterpower. supply. module and fo roplug. dnoprinted.-cireuit-
boards. The printed circuit boards mount on a "mothet” bosrd which provides the

necessary board interconnzctions.  The power supply operates from a nominal
T15-voli, 400 Hz source. The trarsmitter module contains five coaxial! tube
amplifier stages and operates at 2 fixed freque ey of 1030
poessible power outputs (high, medium, or low) selectable by & f

Cooling air must be provided to insure safe operating temperatures within the

unit.
C. Switch - Amplifier.  The switch « amplifier i implements switching of the
interrogator system R-IY output from the sum antenna channal to the ditference

antenna channel for the dwation of the inter rogator side lobe suppression (P2)
pulse. The assembly consists of three printed circuit board assemblios: a coaxial
cavity tube amplifier; & high power, E‘zégh speed solid
diplexer. The unit has a self-contained power supply

nominal 115-volt, 400 Hz source. Periormance monitoring clrcuitry camp—ies a!l
e

eritical cﬁemém? parameters - and sizraly

mdicaaon




D. Synchronizer. In itsintended application as part of an airborne Interrogator
e synchronizer uses the main surveillance radar trigger pulses to
generate the various signals necessary for initlation of an interrogation cycle. In
our application, appropriaie exiern al trigger pulses are provided, |
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77 is achieved with an array of
eight (§) L-band dipoles mounted on B6x66 am ground plane, DBy radiating the
required interrogation signal and the control pulse signal on the sum an
difference ;}atim%.&s, {see Fig.l) respectively, of a dual feed lL-band antenna
array, responses to sidelobe interrogation are supressed at transponders equipped
with interrogation side-lobe suppression 1SLSY circultry for all angles beyond
about +6 degrees from the center of the antenna main beam (sum pattern)

F. Interrogator Systern Size, Weight and Power. The AN/APX-TEA

% .

interrogator system was developed for asirborne application. Its size and weight
are minimized. The largest uﬂitg the Receiver Transmitter, has the dimensions

hits & 6 leg. fno total weight of the four (4) units is

16.2 3< I ;} ut power ~ 115V, . 230 voit - amperes; 28 Vdg, 1.3 amperes.

CLOSE-IN RARNGE 5 SAFETY

H

Because not all low flying (less thon 3210 ¢ 71} airerafts are equipped
with operable coded radar beacon ransponders, we must provide close~in safety

by cther technigues.

M B &7 ¢ g ~0 N I, SO,
The Goddard {m“}g}ﬁ;g tions do not operate below 207 In elevation

tance from the station a low flylng alrcraft may be

Our calculations 1l antenna gain, a 10 KW
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Radar Set. The transmitter circultry generates the bigh power 9,37 5.0z pulses

which are fed to the Antenna Unit via a waveguide. The time interval betweon
any two transmitted pulses is used by the recelver clrealtry to process the signal

I"*fi?‘cie*" ba{‘]g’\ b}: ths far f!n*st

B.

Is 264 Vde. Howsver, in situations where a 26.4 Vde power source is not

The primary power required by the LNG6 Radar Set

available, the Radar Set is supplied with the AC Power Unit which is a simple

a1t

power sm;}}y to convert the 115, Vde primary power into the 24,4 Vde,

C. Antenna 2}1{'_{53, The Antenna Unit transmits the high power RF pulses
and receives the signal reflected back by the target.

We ars empmymg Scientific - Atlanta, Inc, Series 772 Reflector {1.22m
dia.}) and the Mods! 73 - g, 2/ Feed, The nomial beamwidth is 29 and 39.0R gain,
The 4.1t reflector with the x-band {ee and the L-band dipole array are mounted

on an Azimuth/Elevation mount which is slaved 1o the Jaser tracking telescope,

.. D.a SI AT ‘;‘:’J‘Q‘ ‘“h F2 33 .?Gz}ger.. e

Um‘i Dirpensions {cim.) Welghts (ke
Receiver - Transmitter G7x31.75x721.6 204
AC Power Uni 21x34.8x18.9 135

The Receiver - Transmitier unit reguire 26.4 Vde, 10, amps. The AC Power

Unit converts the 115 Vde primary power inte 26.4 Vde.

Theory of Oneration

transmizsion from the Radar Set is in the form i narrow, hig!'@

power RF

pulses which ar radinted by the Antenna Unit. tlepending u

range selected and mode of

S ey pose H - 7o dm SJave 5
Sion (narrow or wide puls ¢}, elther If‘isa’*i?, 1250,

T AT Py RS . RO
or &0 pulses per second are transmirted,

T - _'
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STATUS

The Interrogator ~ Transponder link has been exercised with excellent
resuits. The observed antenna patterns were very nearly as expected. The
range is more than adequate for the present and expected fuiure laser {ransmitter
power.

The LN6G6 radar subsystem is not yet completed and no experimental
results are available. We expect to complete the full system evaluation by

September 1978.
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CONCLUDING SUMMARY OF LASER SAFETY SESSION

Most of the stations have taken the neces 1SAYY measures

for preventing laser damages.

It most of the sites, there are local agreenents to avoid
striking aircrafts during tracking of satellites. The two
papers presented at the gession concerned +hat subiject

one, typically a radar systen, is still experimental and
reguires the agreement from air traffic control authorities.

the other one has been experienced for two years now, and

is used at Kootwiik station, on an optical basis.
Furthermore for some calibration methodes reguisring the

o

use of a near target, a special component was de 5scned fov
Tattenvating the beam.’ S

Some discussions then occured and were devoted to probha-

bilities of etriking an aircraft : it seems that the chances
can vary tremendously from an author to another and will bring

more conrfusion than efficiency.
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THE SATELLITE LASER RANGING STATION AT SANFRUINAY s SPATK
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JeL.HATAT ¢ Centre d'Etudes et de Recherches
Geodynamiques et Astrenomiques.

INTRODUCTION

The satellite ranging séati@m at San-Fernande is the mobils stelion
of the G.R.G.2.(Greupe de Becherche de Geodesic Spatiale).
It io im routine night iiﬁ@ eperaticn,in this site,since the somaer k

ef 1975,

Yt is an impr irst generation laser station.The etaff iz formed
by French ang @igrzéﬁ techniciansg.

The co-operation agreements between the G.R.G.S./C.N.E.
Instituto y Chservaterio de Marina de San-Fernando uz?}
& full manazement of iﬁa% station by %ﬁﬂ 1.0.5. by 1874, :
Thie obseivi conditions at the present location are nhow thremter
by construction of Bigh buildings in the prsfgai?yﬁgne stationp wil
be moved {0 the dome on the GJM§?V&3§§£& g main building,

At the pressnt time,the cepsbilities of this station are the
following

- Blind tracking by night.

- Viguval gptical {racking by ¢ ievigion.{Both systems
on GEOS T.4 x% 3,BEC and STARLETTE satelli €5,

: e CEaNES hzégiy BEGO Ff@'“gj
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Technical charecteristics are the following @

LASER S5YSTEM

Type rubis Compagnie Generale a'Electricite. e
Pulse 27 ns 0,5 -~ 0,6 jJoule.
Repetition rate : max 60 ppm.
Beam divergence :4 miad. With transmitting optic 0,8 mrad.

Receiving telescope
Type cagsegrain.
Aperture 36 em F/IO

Visual tracking sysiem

Television camera SOFRETEC type CF I22.Furnished with a Noticon tube.
Lens ZC0mm  ¥/5

Liwiting magnitude I3 -~ I4.

With this system,it is possible to track also STARLETITE and LAGEQS.

Detection PMY : R.C.A. model 3I054 A.
pmplifier @ Avantek AV 8T, ampl.30 db.
Optical filters : 5 4,7,5%,18 LK.
Renge pate generador : GRGS design

Time interval counter : Model CC 20,Ins. Centre de recherche de la
CG&QEQ

Receiving coincidences system (T} figore I

Diserimiration ¢ type VDI/IT ref. SATP DASIRX.

-Coingldences : typa Ve 4 V fIiX ref.8A1P CR I33.

Epoch clock ¢+ GRGS design I ps.

Timing UTC : VLF {(Baker-Nuna).

?h@ pa&ztxea?&wg of the mount is performed in real time by a mini-

emputer WANG 2200 which uses magoetic cassgeltes,
Rep&%i%i&ﬁnéﬁ : I point every &ix &ecan&ws,

The mount is driven in both azimuth and altitude by two 250 W D.C
BotOrS. : _

Peinting accuracy aaaut 30 arcsec.

Optical coders are type MCB CGI 076 B . 300 pts resclution.

The final resnlis asre punched on & paper tape ready for transmission
by telex.
Tape punch : Tekelec siritrenic model 34,

Puﬁch ﬁh %%fé : &ﬁprax ?G ah/&as, gynshranense

o IV ’ 4 s % . 7 t & P
A5 These de doctoratl eg sciences physigues : Telemstirie spatiale
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CALIBRATION

The calibration of the system is by using one ground target at 830 m.
This calibration,approximately 60 points of range data,is performed
before and after each satellite pass.

it was impossible to find another farther target.

o i T A A Y o o A T 0 . O N W St

-A new laser will be fitted.Possibility to operate with pulses of
5 - I0 ns and 2 - 3 Joules,

-~ Increased ranging accuracy.
- Blind tracking by day.
- Possibility to get regular ranging data on LAGECS.

- COMMUNICATION INFORMATION . ...

e - e -

The postal adress of San=Fernando is

Station Laser
OBSERVATORIO DE MARINA
SAR FERNANDO '
CaDIZ (Espafia)

Telex number

76108




\teiiife pass eﬁ tha left of the
m 400 ASA - 4/30 ssc.

I - Stars are fixed

«Tha s
reference reticle

» B

}J-
W

IL = Manual tracking.Ths s



LT e
e




"Suan3ox. §6g. ¢ SUINORJY DUITY TOROL ~

*7rade UY GINTIBY JOILMOD TOAJSIUT 2UWTL -~

208 VL8 8¢ 022  IZ 0802 I6 0LoC

2r  es¢
¥8 8 162 I g2 I eI ¥ eI 0 0
144 8¢  €uTI II 8% ¥ ger v Iez o O
T¥ IT 893 4 iz e I8 ¥ opY 0 0
¥1 ¥ eI Yl 6Pl T S 6£ 0o 0
01 09 20IZ 0I ¢8I | gg €89 6I  ¥88 6 0
0% ge  I80I I g M I LX °Z 098 0 ¢
6% 69  6TIT 9 8¢ | ve .28 Iz I8 0 0
I g 9gg 0 0 g y2I T L9 0 0
— g L9 o 0 o 0 I 61 0 ¢
(@4 Ig  ¢6¥ I £1 | g £6 e ze 3 82
L eI g2g 0 o e 8F e ¥z I -3
% 06 g 44 0 0 o 0 g ve o 0
SVd  SHO SYd $€0 - SVd s€0 SVd 560 Svd €460
73usoaed *ssed 3vo7) (1001052) | (102€089)  (Iosc082) Awocoomwv_

{LIGNOD VEHIVEM avd TVIOL ALLATHVLS : 3 NODvEd . £ 504D 508D

461 ¥VHX omzmzmthZﬁw v08L = NOIIVEIS SDILSILVIS Mmﬁﬁﬁm



046 DNINOVUL GNITE ~
6152 DNIMOVYL TVONVA -

68%C  SNUNLAY 40 YIgKAN -

~ :
[+
: o
Ie  ¢8b 2z CIL eI <62
19 ol ¥IE ¥ IIL A 61
ce g 6% $I 8¢y eI 922
GO ) eOI 2 az 0 o
% 82, g 61 i 89 s C
svd  Sd0 SVd  $90 svd  §40
{sZejuooasd gofuvssed 3807) W
SNOIIIUNOD MZHIVAER avd ALLETEV LS 0 NODVEd e SOED

(syjuom Jnoy 35T oYy 204 )

8461 mﬁmwaoaz<zmmm12¢mw 084 NOLLVIS SOILSIIVLIS R¥VITNIS




session

ranging software and data

preprocessing

chairman P. Wilson /eoc-chairmen R, Schuts
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Ranging Software and Daota Pre-processing

Chairmant®s Summary

The pr

iw
chareoc ﬁCFiSbiCS and needs a2t various levels
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The pre~processing of data by various organisationz weg revieved
the main festures of both satellite and luner soft

rea e
with and the corrections applied to the data were identif;
group.
Discussions centred rainly on the following topics:

~ data compression =nd data handling, with particular
reference to possible implications on svatenm (hardware)

.

- the weighting of observs tions;

~ look angle computations snd satellite ephencrides;

~ the modelling of gvstematic errors

"5

- Gata filtering and corrections.

,
4

A Jively discussion followed +he 1 provecative statement thet
50 error-free measurements would contain all the information on

e - R K N . T B
the Q?b¢b end related field parsmeters thot can currently be

modelled,

which can be foreseen
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systen and the software the cheapest o duplicate, an important

congideration for the design of fubture syatems, for which the

e
advent of micro-proceszors may heve a significant Impact.
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SAD RANGING SOFTMARE AND DATA PREPROCESSIHNA

Jd. M. Thorp, J. Latimey, 1. G, Campbell, and M. R. Peariman

Swithsonian Astrophysical Ghservatory
Carbridge, HMA

MINICGMPUTER FLELD PROGRAMS

The SAD Taser stations have & software package to handie satellite ranving
from input quick-took orbits to final data preprocessing, The former system of
paper-tepe recording of data has been eliminated except for quick-look elements
and quick-lock data for orbital mainienance.

1. Predichtion Program

~A-compact Fortran -program-thet produces pointing predictions-frem Yeplerian
eiements, rates, and long-period perturbation torms has been developed for use in
11s sofiwzre, which is based on the SAQ Aimiaser program, opsrates

with the standavd SA0 laser orbital-element messages, which

£
"3
o
P
e
~
[
s
7
i
)
i

Using an abbroviated gravéiv~ Tield mudel selected for each satellite, the nrogrem

nerates geocentric voclors 2 min, apdrt for those periods in which the satellite %
is visible at the station. The program then interpelates between these vaclors to
produce topocentric prediciions at the lYeser Fiving vate end storey them "oiy Baghetic
tape for use during cpevation. A short summary of The nassas for sach day 16
printed during the prediction calculation.

Z. Pylse-Processing Program

1o
(RIS

“f"“"f“ {Av:rﬁ
LA Gala,

5 Tov both
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Calibration Frograms

Programs to calibrate the

extended target calibrations ave available on the field minicomputers and are used

routinely. These programs cal

the data, gi

1
tion enalysas, starit-calibration parameters are determined and electronic and
optical system vesponse is exan

4, Quick-Look Program

The quick-Took program scans the reduced data file and prepares a auick-Took
message of 12 to 15 points for each satellite pass to be teletyped fc SAD for
orbital maintenance. The prog
an attempt to eliminate noise stons, The 12 to 15 points are chosen uniformly

over each pass.

"'N

5. Direct-Connect Program

The direct-connect program provides the interface between the laser eguipment

and the minicomputer. The program is interrupt-driven Wwith core-memor

station a fully reduced analvsis. From these calibra-

culate 211 necessary corvections and apnly them to

T

svstem electronics {start calibration) and to process

ined.

ram disregards low-level returns in this process in

buffers

y
assianed to cach device. Prediction information stored on magnetic tape is read

into the core buffers, where it i3 available for delivery to the laser on de gmand

vevery 7.5 szC, lrggu;na raw datz are recorded on -magnetic tane and also sent to the

pulse-precessing software for on-line reduction. In addition, the program provides

real-time data for the operator. (nc1udzﬁg a granhic display of the return-pulse

shape, the satellite and calibration range data, and general housekeeping information.

Tne process described

".}

pass or calibraticn seauence

ol

ve takes 3 to 4 sec to accomplish. At the end of ead
summary of the data is printed Tor the operalor.
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